ABSTRACT
INTRODUCTION
Segara Anakan Estuary is located in the south coast of Central Java, shielded from Indian Ocean by Nusakambangan island. It continuously collects the inflowing fresh waters from volcanic area of West Java, mostly of Citanduy river basin, and seawater from the Indian ocean, mostly by tidal actions through the western opening. Since geologically, soil materials of Citanduy river basin consist of weathering products of quarternary volcanic rocks, ash and debris from the eruption of Galunggung mountain [1] . Various natural heavy metal contaminants associated with the run off are continuously entering Segara Anakan estuarine ecosystem, sedimented, redistributed and accumulated in the ecosystem.
It is well documented that the presence of excessive concentration of heavy metals in waters poses a potential hazard to the related ecosystem.
After Minamata and Itai-itai disaster, much attention was given to mercury and cadmium, which is considered to be the most toxic heavy metals. A survey on market food basket done by Australian National Food Autority [2] showed that seafoods are the major source of mercury in the diet. Since local people lived in Segara Anakan has been exposed to Hg and Cd for quite a long time, there are concern of possible effect due to seafood ingestion.
Mercury induced toxic effects in several organ systems, however,. neurotoxicity is considered the most sensitive endpoint in humans. The ingested mercury may be stored and transfered into fetus and infants by placental exposure and intake of their mother milk. In order to prevent greater risks of in utero methylmercury exposure, long-term mercury biomarkers has to be used. For that reason, the FAO/WHO JEFCA committee confirmed the validity of mercury level in cord blood as short-term, and maternal hair as longer-term biomarkers [3] .
Cadmium induced variety of progressive histopathological changes in the kidney, caused an increase in urinary cadmium. Therefore, the urinary Cd levels may serve as biomarkers, however, Honda et al. [10] consider that human breast milk may serve as Cd biomarker as good as urine samples.
The 61 st FAO/WHO joint meeting of Expert Committee on Food Additives, JEFCA, held recently in Rome [3] , recommended current provisional tolerable weekly intake, PTWI for cadmium at 7 µg/kg body weight, while PTWI for mercury was recommended at 1.6 µg/kg body weight.
The main objective of the present paper is to assess the possible risks of the indirect exposure of mercury and cadmium to human adults and babies through food chain in Segara Anakan estuary, especially through the most consumable seawater spawner fish Mugil sp., and sessile mussel Geloina sp. Since the risk assessment is based on doseeffect relationship, the fate and distribution of mercury and cadmium in abiotic and biotic ecosystems of Segara Anakan is monitored. Insight understanding on the bioavailability of mercury and cadmium under the influence of tropical climate, the effect of factors (salinity and pH) influencing their environmental distribution were also studied. The human body burden of Hg and Cd is reflected by the levels of Hg and Cd in biomarkers, i.e..hair and mother milk. The human risk quotient is calculated based on the amount of ingested mercury and cadmium per week to the FAO/WHO PTWI of Hg and Cd.
EXPERIMENTAL SECTION

Material
The study was carried out from (Fig.1) .
Figure 1 Map of Segara Anakan Estuarine
Samples
To know the level of mercury and cadmium in Segara Anakan ecosystem, field samples of surface water, top 5 cm sediment layers, Mugil sp. and Geloina spp were taken in 3 month intervals.
Surface water samples were collected in polyethylene containers, acidified with concentrated HNO 3 up to pH<2, transported to the labortory at the same day and processed as soon as possible. Sediment samples were transported to the laboraory at the same day and kept refrigerated. Mugil sp. were transported in a refrigerated container as soon as possible to the laboratory, while Geloina sp. were collected alive and transported to the laboratory in a container with moist sediment and enough water. They were processesd as soon as possible.
At the end of the study, May 2004, (dry season), hair and mother milk samples were collected from local residences in Motean, Klaces, Karanganyar and Muaradua, including information of their weekly diet and cosmetics usage.
Analytical Procedures
The quality of reagents used in this study were of pro analysis. Determination of mercury was done in cold vapor AAS Perkin Elmer model 3400 system with limit of detection 1.18 g/L The Flame/Zeeman Atomic Absorption Spectrophotometry Hitachi Model 180-60/80 was used for Cd determination. The limit of detection for Cd was 0.012 mg/L. Salinity, pH, and temperature were measured on site using TPS Conductivity-Salinity-pHTemperature meter Model WP-81 equipped with pH and reference electrode. Calibration for pH was done by primary pH standard solutions of Citrate (0.05 M) for pH 3.78, and of KH 2 PO 4 + Na 2 HPO 4 (1:1) for pH 6.86, and (1:3.5) for pH 7.41. Calibration for salinity was done against 0.01 to 0.5 M KCl solutions giving salinity from 0.8 to 40 [4] . Furthermore, the salinity was cross checked in Gadjah Mada University (GMU) laboratory using Horiba Conductivity meter DS-8F (digital). The temperature was cross checked by fine mercury thermometer Mercury and cadmium in filtered surface water were complexed with APDC. The complex was extracted with CHCl 3 , and then re-extracted with water at pH 4. This aqueous solution was subjected into Flame/Zeeman Atomic Absorption Spectrophotometry Hitachi Model 180-60/80 for Cd determination, and into cold vapor AAS Perkin Elmer model 3400. For Hg determination after reduction with borohydride in acidic condition. The Limit of quantitation (LOQ) for Hg and Cd were 0.02 g/L and 0.24 g/L respectively. The range of recoveries were 60-73%.
Sediment, edible part of Mugil sp. and Geloina sp., hair and mother milk samples were wet digested using a mixture of HNO 3 :HCl 3:2, then determined their mercury and cadmium as mentioned above. The LOQ for Hg and Cd in sediment were 0.1 mg/kg and 1.2 mg/kg respectively, while the LOQ in biota were 0.03 mg/kg and 0.3 mg/kg respectively. The recoveries in sediment were between 90-109% and fish edible part were between 72-86%.
Experimental design
A. Factors influencing Mercury and Cadmium Distribution in Water-Sediment System
(i). The effect of salinity on on Hg and Cd sorption isotherm
Four series of polyethylene bottles added with 1 gram field sediments of Gombol, Segara Anakan, were used in this study. Two series for high salinity. and the other two for lower salinity. The aqueous phase in high salinity series was solutions of HgSO 4 and CdSO 4 in seawater at concentrations of 0, 0.06, 0.30, 0.60, 0.80, 2 mg/L Hg, and 0, 0.7, 1.8, 3.6, 7.2, mg/L Cd, while in the lower salinity series, was similar solution in a mixture of seawater + Aqua drinking water (1+1). After the addition of 25 mL of the appropriate solutions, these bottles were shaken for 24 hours, centrifuged and decanted. The concentration of Hg and Cd in this solution was respectively determined in a cold vapor-AAS system and in flame AAS system
(ii). The effect of acidity on Hg and Cd desorption isotherm
In this study, the soil was enriched with solution of HgSO 4 and CdSO 4 up to concentration of 0, 1.5, 7.5, 15, 20, 50 g Hg and 0, 17.5, 45, 90, 180 g Cd per g soil and let stand overnight. The desorption was carried out at lower salinity with different pH. Two series of these soils were diluted with 25 mL low saline water at pH 5, while the other two were diluted with low saline water at pH 2, shaken for 24 hours, centrifuged and the supernatan were subjected to AAS.
B. Integrated Physicochemical Monitoring and Biomonitoring in Segara Anakan, Central Java, Indonesia
The climatic conditions of the surrounding area of Segara Anakan was obtained from Cilacap meteorological station. The effect of the changes in climatic condition to surface water were monitored by measuring its physicochemical characteristics, such as salinity, pH, temperature, total suspended solids (TSS) and total solids (TS). Salinity, pH and temperature were measured on site at low tide in two weeks interval. While the total suspended solids (TSS) and total solids (TS) were measured at 3 months intervals. Mercury and cadmium levels of surface water, top 5 cm sediment layer, Geloina sp. and Mugil sp were measured simultaneously in every 3 months interval. While mercury and cadmium levels of hair and mother milk samples of the local residents were measured only at the end of the study. Information on the texture and organic matter content of the collected top 5 cm sediment layer were obtained from soil laboratory, Faculty of Agriculture, Gadjah Mada University.
Data Evaluation
The influence of climate changes to mercury and cadmium behaviours in the abiotic ecosystem were compared to the laboratory studies on factors influencing mercury and cadmium distribution in water-sediment system. The bioavailable fraction obtained in these abiotic system was then used to evaluate the level of mercury and cadmium in Geloina sp. and Mugil sp at the appropriate climate condition.
Consumer risk assessment of mercury and cadmium for local residents of Segara Anakan villages was carried out by comparing the indirect exposure by food intake to their PTWI [3] . Since seafood is the major source of mercury and cadmium, only the indirect exposure due to the intake of Geloina sp. and Mugil sp. will be considered, and risk quatient will be reported as % of PTWI.
The body burden of the ingested mercury and cadmium in local residents of Segara Anakan could be reflected as levels in biomarkers, such as hair and mother milk samples. The results obtained in this risk assessment can be used by the regulatory bodies to decide wheather a more comprehensive evaluation, followed by risk reduction measure is required.
RESULT AND DISCUSSION
Factors influencing Mercury and Cadmium Distribution in Water-Sediment System
Laboratory scale experimental data presented in Table 1 showed that distribution coefficients, K D (heavy metal concentration ratio between sediment and water) depend largely on the salinity of the aqueous phase. For both Hg and Cd, the distribution coefficient, K D , decreases as salinity increases. Similar results have been reported in several references [5, 6, 7] . Decrease in K D indicating the formation of more stable water soluble species. Thermodynamically this possibility is expressed as highest complex. Since HgCl + and CdCl + has highest formation constants, 1.58 x 10 7 and 1.00 x 10 2 respectively, they seems responsible for the observed decreasing distribution coefficients.
As expected, acid addition to the system resulted in decreasing of Hg and Cd distribution coefficient, K D , suggesting that solid particles of estuarine sediment are negatively charged. This phenomena are in agreement with the fact that the sediment particles of Segara Anakan consist mainly of aluminosilicate minerals and humic materials, which are negatively charged. Therefore acid addition will release the heavy metals adsorbed in the sediment through hydrogen bonding and electrostatic interaction. This trends were observed also other studies [5] [6] [7] . Since estuarine water is principally a mixture consisting of fresh and saline water, it is reasonable to expect that fluctuation in climate conditions will influence the characteristics of the overlaying surface water of Segara Anakan. Any changes in its physicochemical characteristics will alter the species of heavy metals present of both the distribution and the bioavailability, which in other turn, will influence the toxicity. Based on the climate data and their effects to the physicochemical characteristics of the estuarine water in Segara Anakan presented in Table 2 , several remarks are made. No rainfall was reported from July up to September 2003, therefore this period is considered as dry season. During this period, the riverine fresh water input into the Segara Anakan was relatively low, consequently the salinity of the surface water was high. The total suspended solids, TSS was low and total solids, TS, was high. The TS were identified as salt. Upon interfacing with high salinity surface water, the dispersed humic materials and aluminosilicates in fresh water from inland precipitated, causing low in TSS.
The rainfall was started at October 2003, followed by continuous heavy rain from November to December 2003, causing fluctuation of water salinity, lowering TS and increasing TSS. Although less rainfall was reported between January and March 2004, due to rain water saturation in the catchment area, the fresh water flooding into the Segara Anakan estuary, tend to decrease the water salinity, but increase the TS which were mostly consist of run off from inland. Due to its size, these solid particles were precipitated, leaving a relatively clear water with low TSS. In April 2004, the rainfall was even less, causing increase in salinity, TS, and TSS.
As presented in Table 2 , only small fluctuation was observed for temperature and pH of the surface water through out the study period. It seems reasonable to conclude that water salinity is strongly influenced by the climate changes, responsible for promoting the formation of the suspended solid as well as the solid particles in Segara Anakan estuary. These changes in physicochemical characteristics of surface water, may influence the distribution of Hg and Cd in Segara Anakan ecosystem as observed in the laboratory scale studies.
Field Distribution of Mercury and Cadmium in Segara Anakan Estuary
Field monitoring (July 2003 -May 2004) data of mercury and cadmium in Segara Anakan are presented in Table 3 . It showed that in abiotic ecosystem, the mean value of the sediment-water concentration ratio for Hg observed in field experiment is within the range of K D obtained in laboratory experiments presented in Table 1 .
The data presented in Table 3 confirm earlier observation that the Hg and Cd adsorption decreases as the water salinity increases (see Table 1 ). It was observed that more dissolved species of Hg and Cd were determined in dry season (July -September 2003) and in the changing period (October -December 2003) , where the salinity was relatively high,. On contrary, due to the lower salinity, especially in surface water of wet season, no Hg and Cd were detected.
Wasserman et al. [8] reported that under tropical climate, most mercury in sediments of Sepetiba Bay, Brazil, was inorganic mercury, and only less than 10 % was in the form of methyl mercury. Due to similar tropical climate, it can be assumed that mercury species in the sediment of Segara Anakan is similar to that of Wasserman et al. [8] work. Most of mercury in the estuarine sediment of Segara Anakan may present as inorganic species, which are easily converted to metal chloride complexes, therefore Hg and Cd in water phase was detected only when the salinity is relatively high.
Heavy metals were transported downstream as bounded metals to finely suspended materials [9] . Upon reaching saline water, most of these suspended materials will be deposited as sediment. Therefore, highest levels of mercury in the top 5 cm sediment layers of Segara Anakan estuary were observed during the dry season, and lower levels were observed during the wet season, even though the TSS were higher than dry season. However, during this study, no cadmium was detected in the sediment.
In the biotic ecosystem, a relatively high variablity of mercury and cadmium levels were observed. As expected, due to the higher level of mercury and cadmium in abiotic ecosystem during dry season, higher levels of both mercury and cadmium in the edible part of Mugil sp. as well as Geloina sp., were observed in dry season (not in wet season).
The fact that even though no cadmium was detected in sediment investigated (the limit of quantification, LOQ, for Hg and Cd in sediment were 0.1 mg/kg and 1.2 mg/kg, respectively), but detected in both biota, Mugil sp. and Geloina sp., indicate that soluble species of Hg and Cd contribute more to the intake of the metals, and further, into the burden of Mugil sp. and Geloina sp. Despite the differences in their feeding habits, in high salinity, no significant difference was observed between the levels of Hg and Cd in Mugil sp. and Geloina sp.
Since local people lived in Segara Anakan has been exposed to Hg and Cd for quite a long time, there are concern of possible effect due to seafood ingestion. Mercury can induce toxic effects in several organ systems (nervous system, kidney, liver, reproductive organs), however, neurotoxicity is considered the most sensitive endpoint. In humans, indices of neurotoxicity include neuronal loss, ataxia, visual disturbances, impaired hearing, paralysis and death. For the general population, greater risks are faced by fetus and infants due to placental exposure and ingestion of their mother milk. The FAO/WHO JEFCA committee confirmed the validity of mercury in cord blood as short-term, and maternal hair as longer-term biomarkers of in utero methylmercury exposure [3] . Chronic oral exposure to cadmium can result in a variety of progressive histopathological changes in the kidney, including proximal tubule epithelial cell damage, interstitial fibrosis, and glomerular basal cell damage with limited tubular cell regeneration. Tubular dysfunction results in increased urinary cadmium excretion. For cadmium, the urinary Cd levels may serve as biomarkers for the changes in renal function and bone/calcium metabolism, although appreciable uncertainty remains regarding the long-term health significance of these changes [3] . In Japan, for example, Honda et al. [10] observed a significant correlation (r = 0.451 at P < 0.001) between cadmium level found in samples of human breast milk and the level detected in the coresponding urine samples. For this reason, Honda et al. [10] consider that human breast milk may serve as Cd biomarker as good as urine samples.
Based on those studies, in this study, hair and mother milk samples are considered as biomarkers for mercury and cadmium body burden. The total mercury levels of hair samples of residences in Segara Anakan estuary, claim of not using any cosmetics, taken at the end of this study, were in the range of 0.8 to 4.1 mg/kg (Table 4) . These levels are much lower than the levels obtained in epidemiological studies carried out by FAO/WHO JEFCA in Faroes Island and Seychelles Island [3] . In that study, the estimated maternal hair-mercury level was 14 mg/kg, is considered to be without appreciable adverse effects in the offspring. Compared to total mercury detected in hair samples of people in fishing villages in Tapajos River basin, Amazon, reported by Harada et al. [11] , 14.1 -20.8 mg/kg, the mercury levels in hair samples of Segara Anakan were again much lower. Moreover, the levels of Hg in mother milk samples of Segara Anakan were not significantly differ (P = 0.05) from that in control samples taken from Jogyakarta (Table  4) . The cadmium levels in mother milk samples taken from mothers in Segara Anakan villages are in the range of 80 -180 g/L (Table 4) . These levels were significantly higher compared to the geometric mean concentration of 0.28  1.82 g/L reported by Honda et al. [10] . Compared to control samples taken from Jogyakarta, the levels of Cd in mother milk samples of Segara Anakan were significantly higher (P = 0.05), therefore, the indirect risk of cadmium for babies should be accounted.
Seafood Consumer Risk Assessment of Mercury and Cadmium
Risk assessment is a scientific attempt to estimate the probability of the effect following exposure to a substance, and the quantification of the risk probability is based on dose-effect relationship for that substance.
Due to their toxicity, the FAO/WHO Expert Committee on Food Additives, JEFCA [3] , recommended provisional tolerable weekly intake, PTWI for cadmium at a level of 7 µg/kg body weight, since there is no excess prevalence of tubular disfunction could be predicted to occur at that level. While a PTWI value for mercury of 1.6 µg/kg body weight was considered to be sufficient in protecting fetus development of the most sensitive subgroup of the population. PTWI can be considered as an estimate of weekly intake over a lifetime without appreciable health risks. Therefore the exposure level should be lower than the PTWI. If the risk characterization is expressed as percentage of PTWI, to be safe, the exposure should be less than 100% of PTWI.
It can be seen from the previous data presented in Table 3 , that salinity influenced the bioavailability of Hg and Cd, and therefore the intake calculation and risk characterization are classified in salinity levels.
The indirect exposure through food can be calculated by Exposure = (C of each intake media x intake rate of each media) Based on the information from local residents in Segara Anakan, it can be assumed that the adults eat around 3 Mugil sp. and 3 Geloina sp. per week. In the present study, the mean of fresh weight of Mugil sp. and Geloina sp. of Segara Anakan were found to be 60  25 g and 30  10 g, respectively, therefore the intake rate of Mugil sp. and Geloina sp. were 180 g and 90 g per week respectively.
The mercury and cadmium exposure from the intake of Mugil sp. and Geloina sp., and their risk characterization for adults of 60 kg are presented in 
